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DQG DV D UHJLRQDO VWXG\ XQLW ZH KDYH ZRUNHG ZLWK WKH  $XWRQRPRXV &FRPPXQLWLHVFRUUHVSRQGLQJWRWKHOHYHO,,1876DFFRUGLQJWRWKH(XURSHDQQRPHQFODWXUH
9DULDEOHVDQGLQGLFDWRUV
$FFRUGLQJWRWKHRXWOLQHSUHVHQWHGE\+HLMVWKHYDULDEOHVZHKDYHZRUNHGZLWKVWDQGIRU WKH IROORZLQJ DVSHFWV ILUPV DQG WKHLU UHODWLRQVKLSZLWK WKH UHJLRQDO LQQRYDWLRQ V\VWHPVXSSRUW LQIUDVWUXFWXUHIRULQQRYDWLRQSXEOLFLQQRYDWLRQOLQNHGSHUIRUPDQFHDQGWKHUHJLRQDODQG QDWLRQDO HQYLURQPHQW IRU LQQRYDWLRQ ,W VKRXOG EH QRWHG WKDW WKH ERUGHU EHWZHHQ WKHVHVXEV\VWHPV LV DW WLPHVQRWYHU\FOHDUFXW DQG WKHUH LVDFHUWDLQRYHUODSEHWZHHQ WKHGLIIHUHQWDUHDVVRLW LVQRWDOZD\VHDV\WRFODVVLI\HDFKRIWKHIDFWRUVDFWRUVRUHOHPHQWVDFFRUGLQJWRWKH IRXU VXEV\VWHPV 1RQHWKHOHVV WKLV FODVVLILFDWLRQ LV XVHIXO DV DQ DQDO\WLFDO RXWOLQH WRHVWDEOLVKWKHLQGLFDWRUVDQGSRLQWRXWWKHDVSHFWVWKH\UHSUHVHQWZLWKLQWKLVVWXG\DVZHOODVWRLQGLFDWH WKH LQIOXHQFH RI WKH HYROXWLRQDU\ YLHZSRLQW ZKLFK SURSRXQGV WKH H[LVWHQFH RILQWHUGHSHQGHQFHUHODWLRQVKLSVEHWZHHQWKHSDUWVRUHOHPHQWVRIWKHV\VWHP
,QWKHFDVHRIILUPVZHVWDUWIURPWKHK\SRWKHVLVWKDWWKHVHDUHWKHPRVWLPSRUWDQWHOHPHQWVLQLQQRYDWLRQ V\VWHPV QRW MXVW DV LQVWUXPHQWV IRU JHQHUDWLQJNQRZOHGJHZKLFKPDWHULDOLVHV LQSURGXFWV DQG SURFHVVHV EXW DOVR DV VRXUFHV RI LQWHUQDO OHDUQLQJ DQG DV OLQNLQJ HOHPHQWVEHWZHHQ WKH SURGXFWLYH V\VWHP DQG WKDW RI LQQRYDWLRQ LQ WKH FDVH RI LQQRYDWLQJ ILUPV7KHUHIRUH LQ WKH UHVHDUFK VHYHUDO YDULDEOHV KDYH EHHQ LQFOXGHG UHODWLQJ WR KXPDQ DQGILQDQFLDO UHVRXUFHV GHYRWHG WR 5	' DVZHOO DV WKH VWRFN RI ILUPV¶ WHFKQRORJLFDO FDSLWDO LQ6SDQLVKUHJLRQV
,QWKHFDVHRIWKH&LYLO6HUYLFHZHDOVRXVHDVDEDVHWKHLGHDWKDWWKLVLQVWLWXWLRQSOD\VDYHU\LPSRUWDQWSDUWLQWKHGHYHORSPHQWRIV\VWHPV2QWKHRQHKDQGWKH SXEOLFVHFWRUPDQDJHVDQLPSRUWDQWSDUWRIUHJLRQV¶VFLHQWLILFDSSDUDWXVZKLOHH[HUWLQJDQLPSRUWDQWUROHDVDILQDQFLQJDJHQW IRU LQQRYDWLRQ2Q WKHRWKHU LW DOVRKDV DQRXWVWDQGLQJ UROH DV DQ DJHQW OLQNHG WR WKHGHYHORSPHQWRIWHFKQRORJLFDOSROLFLHV7KHUHVHDUFKKDVWULHGWRLQFOXGHWKRVHDVSHFWVYLDWKHLQGLFDWRUV ZKLFK UHIOHFW WKH KXPDQ DQG ILQDQFLDO UHVRXUFHV XVHG LQ 5	' WKH VWRFN RIVFLHQWLILFFDSLWDOGHULYLQJIURPWKHODWWHUDVZHOODVSDUWRIWHFKQRORJLFDOSROLF\E\PHDQVRIWKHSURMHFWVDSSURYHGE\WKH&HQWUHIRU,QGXVWULDODQG7HFKQRORJLFDO'HYHORSPHQW&'7, LQWKHGLIIHUHQW$XWRQRPRXV&RPPXQLWLHV5HJDUGLQJ WKH VXSSRUW LQIUDVWUXFWXUH IRU LQQRYDWLRQ XQGHUVWRRG DV WKH JURXS RI ERGLHVFRQFHLYHGWRIDFLOLWDWHILUPV¶LQQRYDWRU\DFWLYLW\ZH PDNHDGLVWLQFWLRQEHWZHHQDSULYDWHSDUWDQGDSXEOLFRQH7KHSULYDWHSDUWUHIHUVWRWKHZLGHUDQJHRIVHUYLFHVDPRQJZKLFKDUHIRXQGWHFKQRORJLFDOFHQWUHVDQGSDUNV:LWKLQ WKHSXEOLFGRPDLQZHFRQVLGHUWKH3XEOLF5HVHDUFK%RGLHV23,DQGWKHXQLYHUVLWLHVZLWKWKHLUUHVRXUFHVDQGILQGLQJV7RWKHVHDUHDGGHGKXPDQUHVRXUFHVLQVFLHQFHDQGWHFKQRORJ\
SULPHVRXUFHVWHFKQRORJLFDOSDWHQWVRUFHQWUHV7KHPHWKRGRORJLFDOSUREOHPVZKLFKDULVHLQWKHXVHRIGLIIHUHQWVWDWLVWLFDOVRXUFHVDUHVWXGLHG LQ%XHVD&DVDGR+HLMV0DUWtQH]3HOOLWHURDQG*XWLpUUH]*DQGDULOOD6HHDOVRIRUWKHVHPDWWHUV%XHVD1DYDUURHWDO 'XH WR DQ LPSRUWDQW GHDUWKRI GDWD LQ WKHFDVHRI&HXWDDQG0HOLOOD WKHVH WZRDXWRQRPRXVFLWLHVKDYHEHHQHOLPLQDWHGIURPWKHDQDO\VLV $PRUHGHWDLOHGDQDO\VLVRIWKH YDULDEOHFDQEHIRXQGLQ0DUWtQH]3HOOHWHUR 7KH &'7, LV D SXEOLF LQVWLWXWLRQ PDQDJLQJ FUHGLW IXQGLQJ RI EXVLQHVV SURMHFWV LQYROYLQJ WHFKQRORJLFDOLQQRYDWLRQ,WLVSUREDEO\RQHRIWKHPRVWLPSRUWDQWLQVWUXPHQWVRI6SDQLVKWHFKQRORJLFDOSROLF\6HH0ROHURDQG%XHVDDQG%XHVD+HLMVD +XPDQUHVRXUFHVLQVFLHQFHDQGWHFKQRORJ\KDYHEHHQPHDVXUHGLQDFFRUGDQFHZLWKWKHPHWKRGRORJ\SURSRVHGE\WKH2(&'
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)LQDOO\ WKH UHJLRQDO LQQRYDWLRQ HQYLURQPHQW LV D EURDG FRQFHSW LQFOXGLQJ DVSHFWV ZKLFKLQGLUHFWO\LPSLQJHRQUHJLRQV¶WHFKQRORJLFDODQGLQQRYDWLRQFDSDFLWLHV)LYHDVSHFWVKDYHEHHQLQFOXGHG LQ WKLV UHVHDUFK WKH SURGXFWLYH VWUXFWXUH DV TXDQWLILHG YLD9$% HPSOR\PHQW DQGH[SRUWV LQ LQGXVWULHV ZLWK YDU\LQJ WHFKQRORJLFDO FRQWHQW DFFHVVLELOLW\ WR YHQWXUH FDSLWDOV\VWHPVDFFXPXODWHGNQRZOHGJHDVTXDQWLILHGE\PHDQVRIDQLQGLFDWRURIWKHTXDOLW\RIWKHXQLYHUVLWLHV WKH VL]H RI WKH UHJLRQDO PDUNHW UHSUHVHQWHG E\ *'3 YDOXH DQG UHSUHVHQWDWLYHVRFLDOLQGLFDWRUVRIWKHSRSXODWLRQ¶VFXOWXUDOSUHIHUHQFHVDQGWUDLWVVSHFLILFDOO\RQHUHODWLQJWRWKHLQIRUPDWLRQ VRFLHW\DQGDQRWKHUVWUHVVLQJUHDGLQJKDELWV
)DFWRULDODQDO\VLVRIPDLQFRPSRQHQWV
)URPWKHDERYHPHQWLRQHGYDULDEOHVDQG LQGLFDWRUVDPXOWLYDULDWH WHFKQLTXHRI WKH IDFWRULDODQDO\VLVKDVEHHQDSSOLHGZLWK WKHREMHFWRIGHWHUPLQLQJLPSOLFLWIDFWRUVLQ6SDQLVKUHJLRQDOLQQRYDWLRQ V\VWHPV 7KLV WHFKQLTXH IURP D VHW RI TXDQWLWDWLYH YDULDEOHV DOORZV XV WRGHWHUPLQH D ORZHU VHW RI QRQREVHUYDEOH K\SRWKHWLFDO YDULDEOHV FDOOHG IDFWRUV ZKLFKVXPPDULVHSUDFWLFDOO\DOOWKHLQIRUPDWLRQFRQWDLQHGLQWKHRULJLQDOVHW
,Q WKLV VWXG\ ZH KDYH VWDUWHG RXW IURP D WRWDO RI  YDULDEOHV LQ GHWHUPLQLQJ WKH LPSOLFLWIDFWRUVRIWKH6SDQLVKUHJLRQDOLQQRYDWLRQV\VWHPV8VLQJDVDEDVHWKHFRQFHSWRIFRPPXQLW\TXDOLW\RIDYDULDEOH ZKLFKLVGHILQHGDVWKHSURSRUWLRQ RIWKHWRWDOYDULDEOHUHFRUGHGE\WKHIDFWRUVSUHVHUYHG WKHYDULDEOHVDQG LQGLFDWRUVKDYHEHHQHVWDEOLVKHGZKLFKIRUPSDUWRI WKHILQDOPRGHO YLD D SURFHVV RI WULDO DQG HUURU LI WKHYDULDEOH LV IRXQG WREH DVVRFLDWHGZLWK DVPDOOFRPPXQLW\ LWZLOOEH UHDVRQDEOH WR LQFOXGHDQRWKHU IDFWRUSURYLGHG WKDW LW LVRIEHWWHUXVH WRH[SODLQ WKHPRGHORU UDWKHU WRHOLPLQDWH LW  LIRQWKHFRQWUDU\LWGLGQRWSURYLGHLWZLWKDVLJQLILFDQWYDOXH7KHIDFWRULDOPHWKRGRIGDWDUHGXFWLRQWKDWZHKDYHZRUNHGZLWK LVWKDW RIPDLQ FRPSRQHQWV DQG WKH ILQDO VROXWLRQ FKRVHQ ZDV WKDW PDGH XS RI IRXU IDFWRUVZKHUH  RI WKH YDULDQFH RI WKH PRGHO ZDV SUHVHUYHG DQG ZKHUH WKH FRPPXQLWLHV WDNHVDWLVIDFWRU\YDOXHV
%HIRUH EHJLQQLQJ WR LQWHUSUHW WKH IDFWRUV REWDLQHG LQ WKH H[HUFLVH E\PHDQV RI WKH IDFWRULDOFRPSRQHQWVPDWUL[LWLVZRUWKSRLQWLQJRXWWKDWGXULQJWKLVSURFHVVDVHULHVRIYDULDEOHVKDYHEHHQHOLPLQDWHGVSHFLILFDOO\ WKHWKUHHUHODWHGWRKXPDQUHVRXUFHVLQVFLHQFHDQGWHFKQRORJ\WKRVH RI D PRUH VRFLDO QDWXUH SRSXODWLRQ RI SHRSOH ZKR QRUPDOO\ UHDG QHZVSDSHUV DQG
 ,Q SUHYLRXV VWXGLHV 0DUWtQH]3HOOLWHUR %XHVD0DUWtQH]3HOOLWHUR+HLMV%DXPHUW  SDWHQWVZHUHDOVRXVHGDVDQLQGLFDWRURIDFFXPXODWHGNQRZKRZ+RZHYHUJLYHQWKDWLQWKHIROORZLQJVHFWLRQWKH\DUHXVHGDVDPHDVXUHRIRXWSXWLQVWDWLVWLFDOWHUPVDVDGHSHQGHQWYDULDEOHRIUHJUHVVLRQWKH\DUHRPLWWHGIURPWKLVILUVWSDUWRIWKHDQDO\VLV ,QWKLVDQDO\VLVZHKDYHZRUNHGZLWKWKH6366$VWDWLVWLFDOSURJUDP)URP%DUOHWW¶V6SKHULFLW\7HVWDQGWKH.020HDVXUHPHQWRI6DPSOH6XLWDELOLW\WKHSRVVLELOLW\KDVEHHQYHULILHGRIFDUU\LQJRXWDIDFWRULDODQDO\VLV RQWKHEDVLVRIH[LVWLQJGDWD,QWKHDQDO\VLVQRPRUHWKDQRURIWKHRULJLQDOYDULDELOLW\KDVWREHORVWDQGWKHDXWRYDOXH FRQFHSW LV XVHG WR UHSUHVHQW WKH SDUW RI  WKH WRWDO YDULDELOLW\ WKDW D IDFWRU LV DEOH WR UHFRUG 7KHSURJUDP¶V FULWHULRQ E\ GHIDXOW .DLVHU¶V FULWHULRQ SUHVHUYHV DOO IDFWRUV ZLWK DXWRYDOXHV RI RQH RU PRUH1HYHUWKHOHVVLWLVREYLRXVWKDWWKHORZHUWKHQXPEHURIYDULDEOHVLQDQDQDO\VLVWKHJUHDWHULVWKHSURSRUWLRQRIYDULDELOLW\UHMHFWHGZKHQHOLPLQDWLQJIDFWRUVZLWKDXWRYDOXHVFORVHWRRQH:KHQWKLVWHFKQLTXHLVXVHGYDULDEOHVFRXOG EHREWDLQHG IRU HDFK IDFWRU SUHVHQW LQ WKH DQDO\VLV WKRXJK WKDWZRXOG OHDG WRDQRQYDOLG VROXWLRQ VLQFHGLPHQVLRQDOLW\ RU WKH YROXPH RI GDWD UHPDLQV FRQVWDQW 0RUHRYHU LW VKRXOG QRW EH XQGHUVWRRG LQ WKH LQLWLDOVROXWLRQWKDWHDFKFRPSRQHQWH[WUDFWHGLVDVVRFLDWHGZLWKWKHVDPHYDULDEOHWKDWLVVW IDFWRUZLWKVW YDULDEOHQGIDFWRUZLWKQG YDULDEOHDQGVRRQVLQFHWKHLQWHUSUHWDWLRQDQGWKXVWKHVLJQLILFDQFHRIWKHIDFWRUVLVREWDLQHGE\DQDO\VLQJWKHVRFDOOHGIDFWRULDOFRPSRQHQWVPDWUL[ $IWHUWKHH[WUDFWLRQRIWKHIRXUIDFWRUVRIWKHYDULDEOHVVKRZFRPPXQDOLW\TXDOLWLHVRYHU
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SRSXODWLRQRISHRSOHZKRXVH,QWHUQHWDQGRQHUHODWHGWRWHFKQRORJLFDOFHQWUHVVWDIIRQWKHSD\UROO RI WHFKQRORJLFDO FHQWUHV7KLV H[FOXVLRQ LV GXH WR WKH IDFW WKDW LQ WKH VSHFLILF FDVHVWXGLHG DQG LQ WKH WLPH SHULRG DQDO\VHG WKHVH LQGLFDWRUVKDYHEHHQ UHMHFWHG DV H[SODQDWRU\YDULDEOHVLQWKHDQDO\VLV5HJDUGLQJWKHYDULDEOHVOLQNHGWRKXPDQUHVRXUFHVLQVFLHQFHDQGWHFKQRORJ\ D SRVVLEOH H[SODQDWLRQ FRXOG EH WKDW WKHVH LQGLFDWRUV UHIOHFW FRQFHSWVZKLFK LQSDUW DUH DOUHDG\ LQFOXGHG LQ RWKHUV RQ5	' VR WR D FHUWDLQ H[WHQW WKH\PD\ EH UHGXQGDQW$QG WKH VDPH FDQ EH VDLG IRU WKH SHRSOH ZRUNLQJ LQ WHFKQRORJLFDO FHQWUHV $V IRU WKHLQGLFDWRUVRIDPRUHVRFLDOQDWXUHH[FOXVLRQFRXOGPHDQWKDWDW WKHSUHVHQWWLPHWKHUHJLRQDOGLIIHUHQFHVDUHQRWFOHDUO\VLJQLILFDQW
,Q 7DEOH  D V\QWKHVLV RI WKH LQIRUPDWLRQ SURYLGHG E\ WKH URWDWHG FRPSRQHQWV PDWUL[ LVSUHVHQWHG DLPHG DW IDFLOLWDWLQJ D FRUUHFW YLHZ RI WKH LQGLFDWRUV FODVVLILHG E\ IDFWRUV0RUHRYHU DUURZV KDYH EHHQ LQFOXGHG WR VKRZ WKH UHODWLRQVKLSV EHWZHHQ WKH YDULDEOHV DQGLQGLFDWRUV OLQNHG WRPRUH WKDQRQHIDFWRU(DFKIDFWRU UHFRUGVDVHULHVRI LQGLFDWRUVZLWKDKLJK GHJUHH RI VDWXUDWLRQ LQ WKHP 7KH DOORFDWLRQ RI D QDPH KDV EHHQ EDVHG RQ WKHLUFRPSRVLWLRQ DQG FRUUHVSRQGV WR WKH HOHPHQWV FRQVLGHUHG HVVHQWLDO E\ WKHRU\ LQ LQQRYDWLRQV\VWHPV
)DFWRUVGHWHUPLQLQJ5HJLRQDO,QQRYDWLRQ6\VWHPV
7KH ILUVW IDFWRUUHJLRQDO DQG SURGXFWLYH HQYLURQPHQW RI LQQRYDWLRQ UHJLVWHUV D YDULDELOLW\ DQG LV RUJDQLVHG DURXQG WKUHH DVSHFWV WKH SURGXFWLYH VWUXFWXUHSURGXFWLRQHPSOR\PHQWDQGH[SRUWVOLQNHGWRWKHLQGXVWULDOVHFWRUVXSSRUWLQVWLWXWLRQVIRULQQRYDWLRQDQGWKHVL]HRIWKHUHJLRQDOPDUNHW$OOWKHYDULDEOHVDUHIRXQGWREHKLJKO\VDWXUDWHGZLWKYDOXHVKLJKHUWKDQH[FHSWIRUWKHRQHUHSUHVHQWLQJPHGLXPORZWHFKQRORJ\H[SRUWV7KLVYDULDEOHZDVLQWXUQDOVRIRXQGWREHFRUUHODWHGZLWKWKHIRXUWKIDFWRUZKLFKUHJLVWHUVHOHPHQWVOLQNHGWRWKHDUHDRILQQRYDWLQJILUPV
7KHVHFRQGIDFWRUFOHDUO\UHIOHFWV WKHUROHRIWKHXQLYHUVLWLHV,WUHFRUGVDYDULDELOLW\3DUWLFXODUO\ QRWHZRUWK\ LV WKH IDFW WKDW WKH YDULDEOHV ZLWK D KLJKHU GHJUHH RI VDWXUDWLRQ DUHWKRVH UHIHUULQJ WR WKH UHVHDUFK HQYLURQPHQW LQ LWV VWULFWHVW VHQVHSRVWJUDGXDWH VWXGHQWV VWDIIDQGUHVHDUFKHUV5HJDUGLQJWKHLQGLFDWRUVUHODWHGWRXQLYHUVLW\UHVXOWVLQWKHILUVWDQGILQDOSDUWRIWKHGHJUHHFRXUVHWKHUHLVDORZHUGHJUHHRIFRUUHODWLRQ
 ,QVLPLODUVWXGLHVZKHUHDORZHUWLPHVHULHVZDVDQDO\VHGWKHH[WUDFWLRQRIWKHVDPHYDULDEOHVKDVWDNHQSODFH6HH0DUWtQH]3HOOLWHUR 7KH FRPSRQHQWV  RU IDFWRULDOPDWUL[ FRQWDLQV WKH OLQHDU FRUUHODWLRQV EHWZHHQ WKH GLIIHUHQW YDULDEOHV RI WKHDQDO\VLV DQG WKH SUHVHUYHG IDFWRUV 7KHVH FRUUHODWLRQV DUH DOVR FDOOHGVDWXUDWLRQV RI WKH YDULDEOHV LQ GLIIHUHQWIDFWRUV ,W LV FRQYHQLHQW WRKDYHDPDWUL[ LQVXFKD IRUP WKDW WKHYDULDEOHVDUHVDWXUDWHG LQ WKHIDFWRUVRUZKDWDPRXQWV WR WKHVDPHWKLQJWKH\VKRXOGKDYHDQLPSRUWDQWFRUUHODWLRQ ,I WKHGLIIHUHQWYDULDEOHVDUHVDWXUDWHGLQGLIIHUHQWIDFWRUVWKHVROXWLRQLVFOHDUHUDQGVLPSOHUWRVROYH$URWDWLRQWHFKQLTXHVSHFLILFDOO\WKH9DULPD[KDVEHHQXVHGWRLPSURYHWKHVROXWLRQ 7KHURWDWLRQRIWKHIDFWRUVLVDLPHGDWDFKLHYLQJDFRPSRQHQWVPDWUL[ZKLFKKDVWKHJUHDWHVWOLNHOLKRRGRIEHLQJLQWHUSUHWHGWKDWLVLWILWVLQZLWKWKHVLPSOHVWUXFWXUHSULQFLSOHXQGHUZKLFKHDFKYDULDEOHLVVDWXUDWHGLQDGLIIHUHQWIDFWRU,WPD\RFFXUKRZHYHU WKDWFHUWDLQYDULDEOHVHYHQDIWHUURWDWLRQDUHFRUUHODWHGWRVHYHUDOIDFWRUVDQGWKDWFDQEHDVVXPDEOHEHFDXVHWKHYDULDEOHSDUWLFLSDWHVIURPWKHVLJQLILFDQFHRI DOO RI WKHP $VKDV DOUHDG\ EHHQ LQGLFDWHGZLWK IRXU IDFWRUV WKHPRGHOSUHVHUYHVRI WKHRULJLQDO WRWDOYDULDQFH VR LW FDQ EH VWDWHG WKDW LW LV ULJKW WR UHGXFH WKH  LQLWLDO YDULDEOHV  WR IRXU IDFWRUV %XW LW LV DOVRLPSRUWDQW WR LQWHUSUHW WKH PHDQLQJ RI WKH IDFWRUV DIWHU WKH URWDWLRQ 7KLV ZLOO EH GRQH EHDULQJ LQ PLQG WKHVDWXUDWLRQRIWKHYDULDEOHVLQWKHP 7KHH[FOXVLRQEDUULHUIRUYDULDEOHVKDVEHHQSODFHGLQVDWXUDWLRQV EHORZ
KWWSZZZXFPHVEXFPFHHLDLI'RFXPHQWRGH7UDEDMRQ

7KHWKLUGIDFWRULDOD[LVUHJLVWHUVYDULDELOLW\DQGEDVLFDOO\UHFRUGVYDULDEOHVUHIHUULQJWRWKH&LYLOVHUYLFHUROH UHJDUGLQJLQQRYDWLRQ7RWKHVHFDQEHDGGHGWKHYDULDEOHUHIHUULQJWRWKHYHQWXUHFDSLWDOV\VWHP
)LQDOO\ WKH IRXUWK DQG XOWLPDWH IDFWRU ZKLFK UHFRUGV  YDULDELOLW\ VKRZV WKRVHHOHPHQWV DOOXGLQJ WR NQRZOHGJH FUHDWLRQ DFWLYLW\ LQ LQQRYDWLQJ ILUPV 0RUHRYHU YDULDEOHVUHIHUULQJ WR WHFKQRORJLFDO FHQWUHV DUH VDWXUDWHG LQ WKH IDFWRU GXH WR EHLQJ VXSSRUW XQLWV IRUILUPVLQUHVHDUFKDEVRUSWLRQDQGGLIIXVLRQRIWHFKQRORJ\DFWLYLWLHV
KWWSZZZXFPHVEXFPFHHLDLI'RFXPHQWRGH7UDEDMRQ

7DEOH)DFWRUVRI6SDQLVK5HJLRQDO,QQRYDWLRQV\VWHPV)$&7255(*,21$/$1'352'8&7,9((19,5210(17)25,1129$7,21
3URGXFWLYH6WUXFWXUHx 1$9 +LJK DQG PHGLXP WHFKQRORJ\ LQGXVWU\ LQPLOOLRQ¼x 1$9/RZWHFKQRORJ\LQGXVWU\ LQPLOOLRQ¼x (PSOR\HHVKLJKDQGPHGLXPWHFKQRORJ\LQGXVWU\x (PSOR\HHVLQORZWHFKQRORJ\LQGXVWU\x ([SRUW +LJK DQG PHGLXPKLJK WHFKQRORJ\LQGXVWU\LQPLOOLRQ¼x ([SRUW 0HGLXPORZ WHFKQRORJ\ LQGXVWU\ LQPLOOLRQ¼x ([SRUW /RZ WHFKQRORJ\ LQGXVWU\ LQ PLOOLRQ ¼
6XSSRUWLQVWLWXWLRQVIRULQQRYDWLRQx 1DWLRQDO SURMHFWV DSSURYHG E\ WKH &'7, LQPLOOLRQ¼
6L]HRIWKHUHJLRQx *'3LQ PLOOLRQ¼
)$&7253$3(/'(/$681,9(56,'$'(6
x ,QWHUQDO XQLYHUVLW\ 5	' H[SHQGLWXUH  RI*'3x ,QWHUQDO XQLYHUVLW\ VWDII )7( LQ 5	' RIDFWLYHSRSXODWLRQx 8QLYHUVLW\ UHVHDUFKHUV )7( LQ 5	'  RIDFWLYHSRSXODWLRQx 6WXGHQWVHQUROOHGLQILUVWDQGRUVHFRQGSDUWRIGHJUHHFRXUVHFRPSDUHGWRSRSXODWLRQDJHGDQGRYHUHDFKLQKDELWDQWVx 6WXGHQWVZKRKDYHILQLVKHGVW DQGRUQG SDUWRIGHJUHHFRXUVHFRPSDUHG WRSRSXODWLRQDJHGDQGRYHUHDFKLQKDELWDQWVx 6WXGHQWV UHJLVWHUHG LQ SRVWJUDGXDWH FRXUVHVFRPSDUHG WR SRSXODWLRQ HDFK LQKDELWDQWVx 6WXGHQWV ZKR KDYH UHDG WKHLU WKHVLV FRPSDUHGWRSRSXODWLRQ DJHGDQGRYHU HDFKLQKDELWDQWVx 5HVHDUFKTXDOLW\LQGLFDWRURIXQLYHUVLW\
)$&72552/(2)7+(&,9,/6(59,9(
&LYLO6HUYLFHx ,QWHUQDO &LYLO 6HUYLFH H[SHQGLWXUH RQ 5	'RI*'3x ,QWHUQDO&LYLO6HUYLFHVWDII)7(LQ5	'RIDFWLYHSRSXODWLRQx &LYLO6HUYLFH5	' 5HVHDUFKHUVRIDFWLYHSRSXODWLRQx 6FLHQWLILF FDSLWDO VWRFN LQ 5	' ¼ SHULQKDELWDQW 
 2WKHUVx 9HQWXUH&DSLWDOLQYHVWPHQWPLOOLRQ¼RI
)$&72552/(2),1129$7,1*),506
x )LUPVLQWHUQDO5	'H[SHQGLWXUH SHUFHQWDJHRI*'3x ,QWHUQDO VWDII )7( RI ILUPV LQ 5	' R RIDFWLYHSRSXODWLRQx 5	' UHVHDUFKHUV )7( RI ILUPVRRI DFWLYHSRSXODWLRQx )LUPVC WHFKQRORJLFDO FDSLWDO VWRFN LQ 5	'¼SHULQKDELWDQWx 5HJLRQDOGLVWULEXWLRQRIWHFKQRORJLFDOFHQWUHVx $QQXDOLQFRPHRIWHFKQRORJLFDOFHQWUHV
6RXUFHRZQHODERUDWLRQ


KWWS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7\SRORJ\RI5HJLRQDO,QQRYDWLRQ6\VWHPV
,GHQWLILFDWLRQ RI WKH IDFWRUVPHQWLRQHG KDV EHHQ XVHG LQ EXLOGLQJ XS D W\SRORJ\RI UHJLRQDOLQQRYDWLRQV\VWHPV7KHWHFKQLTXHXVHGIRUWKLVSXUSRVHKDVEHHQWKHFOXVWHURUFRQJORPHUDWHDQDO\VLVIURPWKHYDOXHVDGRSWHGE\WKHIDFWRUVLQHDFKRIWKHFDVHV7KHFOXVWHUDQDO\VLV LVDPXOWLYDULDWHWHFKQLTXHZKLFKHQDEOHV³LQGLYLGXDOV´WREHFODVVLILHGLQJURXSVZLWKRXWWKHVHWVFRQVWLWXWLQJ WKHPRU WKHLU QXPEHUEHLQJNQRZQDSULRUL ,Q WKLV FDVH WKH LQGLYLGXDOV DUH WKHVHOIVDPH$XWRQRPRXV&RPPXQLWLHVLQWKHGLIIHUHQW\HDUVRIVWXG\DQGWKHJURXSLQJPHWKRGVDUH ERWK WKH RQH FRQVLGHULQJ WKH SUR[LPLW\ EHWZHHQ XQLWV RI HDFK JURXS DQG WKH RQHFRQVWUXFWHGIURPWKHVHSDUDWLRQEHWZHHQWKRVHXQLWV%HDULQJ LQPLQGWKHILQGLQJVDQGRQH[DPLQLQJ WKHYDULDEOHVFORVHO\WKHVROXWLRQFKRVHQLVWKHRQHZKLFKHVWDEOLVKHVILYHFOXVWHUVRUJURXSV7KLVUHVXOWFRLQFLGHVLQWKHWZRSURFHGXUHVFDUULHG RXW ZKLFK DGGV DQ HOHPHQW RI FRQILGHQFH UHJDUGLQJ WKH FKRLFH RSWHG IRU&RQVHTXHQWO\ WKH65, W\SRORJ\VHWXSRQ WKHEDVLV RI WKH IDFWRUV LGHQWLILHG LQ WKHSUHYLRXVVHFWLRQGHILQHVILYHV\VWHPVW\SHVIRXURIZKLFKFRPSULVHMXVWRQH$XWRQRPRXV&RPPXQLW\0DGULG &DWDORQLD %DVTXH &RXQWU\ DQG 1DYDUUH DQG DQRWKHU WKH UHPDLQLQJ UHJLRQVUHJDUGOHVVRIWKH\HDURIVWXG\
,Q RUGHU WR VKRZ WKDW WKHUH H[LVWV D VLJQLILFDQW GLIIHUHQWLDWLRQ DPRQJ WKH ILYH SUHYLRXVO\GHILQHGJURXSVDVZHOODVWRKLJKOLJKWWKHIDFWRUVZKLFKLQHDFKFDVHFKDUDFWHULVHLQQRYDWLQJDFWLYLWLHV D YDULDQFH DQDO\VLV KDV EHHQ PDGH YLD WKH IDFWRU FODVVLI\LQJ WKH $XWRQRPRXV&RPPXQLWLHV LQ HDFK RI WKRVH V\VWHPV *LYHQ D TXDQWLWDWLYH GHSHQGHQW YDULDEOH IRXULGHQWLILHGODWHQWIDFWRUVDQGDTXDOLWDWLYHLQGHSHQGHQWYDULDEOHDYDULDEOHRUIDFWRULGHQWLI\LQJHDFK &&$$ ZLWK D UHOHYDQFH FOXVWHU WKH YDULDQFH DQDO\VLV ZLWK D IDFWRU FRQVLVWV RIGHWHUPLQLQJWKHEHKDYLRXURIWKHGHSHQGHQWYDULDEOHLQWKHHVWDEOLVKHGJURXSVE\WKHYDOXHVRIWKHLQGHSHQGHQWRQH:LWKDSHUOHYHORIVLJQLILFDQFHWKHHTXDO PHDQVQXOOK\SRWKHVLVKDVEHHQUHMHFWHG VR LWFDQEHVWDWHGWKDW WKHW\SHVRIUHJLRQDO LQQRYDWLRQV\VWHPVWKDWKDYHEHHQ GHWHFWHG UHJLVWHU GLIIHUHQW EHKDYLRXU LQ WKH IRXU IDFWRUV *UDSK  VKRZV WKH VROXWLRQREWDLQHG E\ PHDQV RI WKH IDFWRULDO VFRUHV RI WKH YDULDEOHV FKDUJHG ZLWK VXPPDULVLQJ WKHVWDWLVWLFDOLQIRUPDWLRQUHJDUGLQJWKHPHDQ
7KH ILUVW IDFWRU LGHQWLILHG WKH UHJLRQDO DQG SURGXFWLYH HQYLURQPHQW RI LQQRYDWLRQVKRZVGLIIHUHQWEHKDYLRXULQWKHUHJLRQDOV\VWHPVGHILQHGYLDWKHFOXVWHUWHFKQLTXH7KH$XWRQRPRXV&RPPXQLW\ZLWK DKLJKHUYDOXH WKDQ WKH UHVWRI WKH UHJLRQV IRU WKLVK\SRWKHWLFDOYDULDEOH LV&DWDORQLD,QVHFRQGDQGWKLUGSODFHZLWKTXLWHORZHUDOEHLWSRVLWLYHYDOXHVDUH0DGULGDQGWKH%DVTXH&RXQWU\7KHORZHVWDQGQHJDWLYHPDUNLVIRU1DYDUUH$OVRQHJDWLYHLVWKHVFRUHIRU WKH JURXS UHJLVWHULQJ WKH UHVW RI WKH UHJLRQV RI 6SDLQ 7KXV ZH FDQ VHH KRZ LPSRUWDQW
 7RXVHWKHWHFKQLTXHLW LVQHFHVVDU\WRIL[DGLIIHUHQFHDQGDPHWKRGRIJURXSEXLOGLQJ'LVWDQFHLVDQLQGH[UHIOHFWLQJWKHJUHDWHURU OHVVHUVLPLODULW\DPRQJLQGLYLGXDOVVRWKHJUHDWHULWLVWKHOHVVHUWKHVLPLODULW\EHWZHHQWKHGHILQHGV\VWHPVRILQQRYDWLRQ7KHGLVWDQFHXVHGKHUH(XFOLGVTXDUHGFDQEHVHHQWREHDIIHFWHGE\WKHW\SHRI XQLWV EHLQJ KDQGOHG VR WKLV SUREOHP KDV EHHQ FRUUHFWHG E\ VWDQGDUGLVLQJ WKH YDULDEOHV DFFRUGLQJ WR WKH =VFRUHVPHWKRG:LWKUHJDUGWRWKHJURXSIRUPLQJ PHWKRGWZRDJJORPHUDWLRQSURFHGXUHVKDYHEHHQXVHG  WKHQHDUHVWQHLJKERXUDQGWKHPRVWGLVWDQWQHLJKERXU WKDWLVDOOWKHLQGLYLGXDOVDUHFRQVLGHUHGWREHORQJWRLVRODWHGJURXSVDQGWKH\EHFRPHPHPEHUVRIWKHFOXVWHUFRQVHFXWLYHO\,QWKHFDVHRIWKHQHDUHVWQHLJKERXUPHWKRGWKHJURXSVDUHIRUPHGRQWKHEDVLVRIOHVVHUGLVWDQFHDQGLQWKDWRIWKHPRVWGLVWDQWQHLJKERXU WKHQHDUHVWJURXSVRILQGLYLGXDOVMRLQWRJHWKHUZLWKLQWKHPRVWGLVWDQWRQHV 7KLVVDPHVROXWLRQKDGDOUHDG\EHHQDFKLHYHGLQSUHYLRXVVWXGLHVZKHUHDVLPLODUOLVWRIYDULDEOHVZDVXVHGIRUWKHDYHUDJHRI%XHVD0DUWtQH]3HOOLWHUR+HLMV%DXPHUW 3RVLWLYHYDOXHVGHQRWHDFHUWDLQLQWHQVLW\RIWKHKLJKHUWKDQDYHUDJHIDFWRURIWKHJURXSRI$XWRQRPRXVFRPPXQLWLHVDQGWKHQHJDWLYHRQHVWKHRSSRVLWH
KWWSZZZXFPHVEXFPFHHLDLI'RFXPHQWRGH7UDEDMRQ

ZLWKLQWKH&DWDORQLDQLQQRYDWLRQV\VWHPDUHWKHHOHPHQWVOLQNHGWRHQYLURQPHQWDQGVXSSRUWLQIUDVWUXFWXUHV VXFK DV WKH SURGXFWLYH VWUXFWXUH DLG WR LQQRYDWLRQ LQ ILUPV DFFXPXODWHGNQRZOHGJHDQGUHJLRQDOVL]H$QGLWDOVRVKRZVWKHOHVVHULPSRUWDQFHRIWKHVHYDULDEOHVLQWKHUHPDLQLQJ FDVHV DPRQJZKLFK0DGULG DQG WKH%DVTXH&RXQWU\ VFRUH SRVLWLYH DVZH KDYHDOUHDG\PHQWLRQHG
*UDSK9DOXHRIWKHIDFWRUVLQUHJLRQDOFOXVWHUVPHDQ 
5HJLRQDODQGSURGXFWLYHHQYLURQPHQW
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5HVWR&&$$ &DWDOXxD 0DGULG 1DYDUUD 3DtV9DVFR
5ROHRIXQLYHUVLWLHV
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5HVWR&&$$ &DWDOXxD 0DGULG 1DYDUUD 3DtV9DVFR
5ROHRI&LYLO6HUYLFH
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5HVWR&&$$ &DWDOXxD 0DGULG 1DYDUUD 3DtV9DVFR
5ROHRILQQRYDWLQJILUPV
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5HVWR&&$$ &DWDOXxD 0DGULG 1DYDUUD 3DtV9DVFR
0RUHRYHUWKHIDFWRUUHIHUULQJWRWKHXQLYHUVLW\V\VWHPKDVDFOHDUO\PRUHRXWVWDQGLQJUHODWLYHUROHLQWKHFDVHRI1DYDUUHWKDQLQWKHRWKHUUHJLRQV0DGULGZLWKDSRVLWLYHVFRUHILOOVVHFRQGSODFH WKRXJKVRPHZD\EHKLQG WKH IRUPHU UHJLRQ:KHUHDV RQ WKHRSSRVLWH VLGH DQGZLWKQHJDWLYH UHVXOWV ZKLFK OHDYH WKHP LQ D SRVLWLRQ RI WKH JUHDWHVW GLVDGYDQWDJH ZH ILQG WKH%DVTXH &RXQWU\ &DWDORQLD DQG WKH RWKHU $XWRQRPRXV FRPPXQLWLHV DOVR KDYH QHJDWLYHIDFWRULDOVFRUHV
,Q WKHFDVHRI WKH IDFWRU UHFRUGLQJHOHPHQWV OLQNHG WR WKH&LYLO6HUYLFH WKH VLWXDWLRQ LVDOVRVWULNLQJ+HUHZHILQGDUHJLRQ0DGULGZKHUHWKHDYHUDJHLVZD\DERYHWKRVHREWDLQHGE\WKHUHPDLQLQJ&RPPXQLWLHV7KHLPSRUWDQFHRIWKH&LYLO6HUYLFHD[LVFDQEHVHHQLQWKLVUHJLRQZKLFK JLYHV LW GLIIHUHQW FKDUDFWHULVWLFV WR WKH RWKHUV&RQYHUVHO\ DQGPRVWPDUNHGO\ LQ WKH%DVTXH&RXQWU\DQGLQ1DYDUUHWKHRWKHUUHJLRQVDUHFKDUDFWHULVHGE\KDYLQJQHJDWLYHVFRUHV
KWWSZZZXFPHVEXFPFHHLDLI'RFXPHQWRGH7UDEDMRQ

LQ WKLV IDFWRU ZKLFK LV QRW VWUDQJH LI ZH WDNH LQWR DFFRXQW WKDW &LYLO 6HUYLFH LQVWLWXWLRQVGHDOLQJZLWKVFLHQFHDQGWHFKQRORJ\DUHPRUHOLNHO\WREHVLWHGLQWKH6SDQLVKFDSLWDO
)LQDOO\ LQ WKH FDVH RI WKH IDFWRU UHSUHVHQWLQJ DVSHFWVPRVW OLQNHG WR WKH DUHD RI LQQRYDWLQJILUPV QRWLFHDEOH GLIIHUHQFHV DSSHDU RQFHPRUH7KH DYHUDJHRI WKLV K\SRWKHWLFDOYDULDEOH LVYHU\ KLJK LQ WKH FDVH RI WKH %DVTXH FRXQWU\ ZKLFK KLJKOLJKWV WKH LPSRUWDQFH RI WKLVVXEV\VWHP ZLWKLQ WKH UHJLRQDO LQQRYDWLRQ LWVHOI ,Q VHFRQG DQG WKLUG SODFH ZLWK SRVLWLYHYDOXHVZHILQGUHVSHFWLYHO\0DGULGDQG1DYDUUHZLWK&DWDORQLDDQGWKHRWKHU&RPPXQLWLHVDFKLHYLQJQHJDWLYHVFRUHV
%\ZD\RIFRQFOXVLRQLWFDQEHPHQWLRQHGWKDW0DGULGLVWKHUHJLRQZLWKWKHPRVWFRPSOHWHLQQRYDWLRQV\VWHPDVYHULILHGE\LWVIDFWRULDOVFRUHVZKLFKDUHDOZD\VSRVLWLYHDQGWKXVDERYHDYHUDJH7KH%DVTXH&RXQWU\DQG1DYDUUHWDNHZKDWFRXOGEHFRQVLGHUHGDVDQDVV\PHWULFDOV\VWHPVLQFHRQO\RQHRIWKHIRXUIDFWRUVLVIRXQGLQDGHYHORSHGIRUP7KHUHPDLQLQJUHJLRQVKDYHZHDN LQQRYDWLRQ V\VWHPV DQG KDYH QRW DFKLHYHG LPSRUWDQW GHYHORSPHQW LQ DQ\ RI LWVFRPSRQHQWV
7+(,1129$7,216<67(0$1'.12:/('*(*(1(5$7,1*352&(66(6
2QFH WKH IDFWRUV LPSOLFLW LQ UHJLRQDO LQQRYDWLRQ V\VWHPVKDYHEHHQGHWHFWHGZHZHQWRQ WRPDNH DPXOWLSOH UHJUHVVLRQ OHDVW VTXDUHV DQDO\VLV WR GHWHUPLQHZKDW LV WKH FRPELQDWLRQ RIWKHPZKLFKHQDEOHVWKHFDOFXODWLRQRILQQRYDWLRQIORZE\PHDQVRIWKHQXPEHURISDWHQWVWREHHVWLPDWHG
7KHUH LV D EURDG UDQJH RI HPSLULFDO VWXGLHV LQGLFDWLQJ WKH H[LVWHQFH RI D KLJK FRUUHODWLRQEHWZHHQDPHDVXUHPHQWRILQQRYDWRU\LQSXWVXFKDV5	'FRVWV DQGPHDVXUHPHQWRIRXWSXWVXFKDVWKHQXPEHURISDWHQWVVHHDPRQJRWKHUV*ULOLFKHV7UDMWHQEHUJ3DWHODQG3DYLWW  0RUHRYHU FRPSDUHG WR RWKHU PHDVXUHPHQWV RI LQQRYDWLRQ RXWSXW SDWHQWVJXDUDQWHH D PLQLPXP OHYHO RI RULJLQDOLW\ DV ZHOO DV EHLQJ KLJKO\ OLNHO\ WR EHFRPH DQLQQRYDWRU\SURGXFW%XHVDHWDO8QGRXEWHGO\WKHXVHRISDWHQWVDVDPHDVXUHPHQWRIWHFKQRORJLFDO LQQRYDWLRQ DOVR KDV VRPH GLVDGYDQWDJHV ZKLFK ZHUH DOUHDG\ SRLQWHG RXW E\*ULOLFKHV LQ)LUVWO\QRWDOOLQQRYDWLRQVPDWHULDOLVHLQWKHIRUPRIDSDWHQWVLQFHILUPVPD\ RSW IRU RWKHU ZD\V RI SURWHFWLQJ WKHLU LQYHQWLRQV VXFK DV IRU H[DPSOH WKH LQGXVWULDOVHFUHWLQLWVHOI6HFRQGO\HYHQWKRXJKWKHSDWHQWVE\WKHLURZQGHILQLWLRQJXDUDQWHHDFHUWDLQOHYHORIQHZQHVVDQGRULJLQDOLW\LWLVDOVRWUXHWKDWWKHYDOXH RIWKHSDWHQWVLVKHWHURJHQHRXVWKDW LV WKH\ GR QRW UHIOHFW GLIIHUHQFHV RI TXDOLW\ EHWZHHQ WKHP0RUHRYHU QRW DOO RI WKHPUHIOHFWWHFKQRORJ\XVHGLQSURGXFWLYHDFWLYLW\+RZHYHUDVSRLQWHGRXWE\%XHVDHWDOLWLVDUHVWULFWLRQWKHHIIHFWVRI ZKLFKDUHPLQLPLVHGGXHWRWKHIDFWWKDWLIGDWDDUHXVHGIRUDODUJHQXPEHURISDWHQWVWKHLUTXDOLW\VKRXOGEHH[SHFWHGWREHGLVWULEXWHGLQDVLPLODUPDQQHUIRUDQ\W\SHRIDJJUHJDWLRQSUREDEO\IROORZLQJDQRUPDOSDWWHUQ
7KH RXWSXW LQGLFDWRU WDNHV LQWR DFFRXQW WKH SDWHQWV UHTXHVWHG DQG SXEOLVKHG E\ WKH6SDQLVKDQG (XURSHDQ 3DWHQWV2IILFHV:H KDYH GHHPHG LW QHFHVVDU\ WR UHIOHFW WKH JUHDWHU YDOXH RI
 7KLV W\SH RI DQDO\VLV ILWV LQ ZLWK WKH OLQH RI HPSLULFDO VWXGLHV ZKLFK KDYH LQYHVWLJDWHG WKH SUHVHQFH RIVSLOORYHUVLQWKHLUUHVSHFWLYHDUHDVRIDQDO\VLV%DVLFDOO\DGLVWLQFWLRQFDQEHPDGHEHWZHHQWZRW\SHVRIPRGHOVWKRVHZKLFKDQDO\VHQDWLRQDOLQQRYDWLRQV\VWHPV6WHUQ3RUWHUDQG)XUPDQDQGWKRVHZKLFKGRWKHVDPHIRUUHJLRQDOV\VWHPV$PRQJWKHODWWHUFDQEHGLVWLQJXLVKHGWKRVHZKLFKVWXG\WKH$PHULFDQUHJLRQDOLQQRYDWLRQV\VWHP-DIIH$FVHWDO)HOGPDQ$QVHOLQHWDODQGWKRVHZKRKDYHGRQHLWIRU6SDLQ*XPEDX&RURQDGRDQG$FRVWD*DUFtD4XHYHGR
KWWS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
(XURSHDQSDWHQWVZKLFKKDYHKLJKHUUHJLVWUDWLRQFRVWVERWKLQWLPHDQGPRQH\XVLQJDIDFWRURI ILYH WR ZHLJKW WKHP LQ FRPSDULVRQ ZLWK WKH 6SDQLVK RQHV VLQFH (XURSHDQ SDWHQWV DUHUHJLVWHUHGRQDYHUDJHIRUILYHFRXQWULHVVRWKDW
(85WU(63WUWU 3$73$73$7  u 
:KHUH 3$7UW LVWKHZHLJKWHGVXPRIWKHSDWHQWVRIUHJLRQULQ\HDUWDQG (63WU3$7  \ (85WU3$7 DUHUHVSHFWLYHO\6SDQLVKDQG(XURSHDQSDWHQWVIRUHDFKUHJLRQ
$V RXU DLP LV WRGHWHFWZKLFKRI WKH DERYHPHQWLRQHG IDFWRUV HQDEOH LQQRYDWLRQ IORZ WREHHVWLPDWHG DQG WR ZKDW H[WHQW WKH JHQHUDWLRQ RI IUHVK NQRZOHGJH IXQFWLRQ LV IL[HG E\ WKHIROORZLQJHTXDWLRQ
81,WU81,(03WU(03$'0WU$'0(17WU(17WU =<;:3$7  GGGG  
:KHUH:(17 GHVLJQDWHVWKHHQYLURQPHQWIDFWRU;$'0 PHDVXUHVWKH&LYLO6HUYLFHIDFWRU<(03LQGLFDWHVWKHLQQRYDWLQJILUPVIDFWRUDQG=81, UHFRUGVWKHYDOXHRIWKHXQLYHUVLW\ IDFWRUDQGLQZKLFK WKH VXELQGLFHV U DQG W GHVLJQDWH UHVSHFWLYHO\ WKH UHJLRQ DQG WKH \HDU1RWH WKDWZHKDYHGRQHZLWKRXWDODJEHWZHHQLQSXWDQGRXWSXWFRQVLGHULQJWKDWDVSRLQWHGRXWE\%XHVDDQG 0ROHUR  LQ 6SDLQ WKH UHODWLRQVKLS EHWZHHQ 5	' DQG SDWHQWV LV DOPRVWVLPXOWDQHRXV
,Q 7DEOH  WKHUH LV D SUHVHQWDWLRQ RI WKH ILQGLQJV REWDLQHG E\ DSSO\LQJ DQ RUGLQDU\ OHDVWVTXDUHVSURFHGXUHE\WKHVWHSZLVHPHWKRG7KHQHFHVVDU\YDOLGDWLRQVWHSV KDYHEHHQFDUULHGRXWRQWKLVPRGHO
7DEOH1RQVWDQGDUGLVHGFRHIILFLHQWV 6WDQGDUGLVHGFRHIILFLHQWV 3DUDPHWULFFRQWUDVWV
% %(7$ W 6LJ&RQVWDQW   (19,5210(17    &,9,/6(59,&(    ),506    81,9(56,7<    5 5 'XUELQ:DWVRQD'HSHQGHQWYDULDEOH:HLJKWHGVXPSDWHQWV9DOXHVREWDLQHGDIWHUUDQGRPLVLQJWKHUHVLGXDOV
 7R YDOLGDWH WKHPRGHO ZH KDYH FDUULHG RXW WKH XVXDO WHVWV RQ UHVLGXDOV FRPSDULQJ WKHLUQRUPDOLW\ ODFN RIVWDWLVWLFDOO\ VLJQLILFDQW FRUUHODWLRQ DPRQJ WKH IRUHFDVW YDOXHV DQG WKH UHVLGXDOV DQG ILQDOO\ FKHFNLQJ WKHLUKRPRFHGDVWLFLW\ZKLFKHQVXUHVWKHPRGHO¶VUREXVWQHVVDQGWKXVWKHYDOLGLW\RIWKHFRHIILFLHQWVFDOFXODWHG,QDFRPSOLPHQWDU\ZD\DFROLQHDULW\GLDJQRVLVZDVFDUULHGRXWSURGXFLQJD OHVVHUFRQGLWLRQ LQGH[RIDQGWKLVDORQJZLWK WKHUHJUHVVLRQSURFHGXUHXVHGDYRLGVDQ\PXOWLFROLQHDULW\SUREOHPWKDWPLJKWUHVWULFWWKHYDOLGLW\RIWKHILQGLQJV
KWWS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
)URP WKH ILQGLQJV LW LV FRQILUPHG WKDW WKH IRXU IDFWRUV WXUQRXW WREH VWDWLVWLFDOO\ VLJQLILFDQWDQG DOVR KDYH D SRVLWLYH VLJQ ZKLFK FRQILUPV WKH YDOLGLW\ RI WKH HYROXWLRQDU\ DSSURDFK LQDUJXLQJ WKDW NQRZOHGJH FUHDWLRQ LV WKH UHVXOW RI WKH LQWHUDFWLRQ RI GLIIHUHQW HOHPHQWVFRQVLGHUHGWREHXQGHUWKHFRQFHSWRI5HJLRQDO,QQRYDWLRQ6\VWHP1RZLWLVDOVRRILQWHUHVWWRLQWHUSUHWWKHUHODWLYHZHLJKWRIWKRVHIDFWRUVLQWKHPRGHO7KDWZLOOEHGRQHE\WDNLQJLQWRDFFRXQW WKH YDOXHV RI WKH VWDQGDUG %(7$ FRHIILFLHQWV ZKLFK HQDEOHV XV WR FRPSDUH WKHLPSRUWDQFHRIWKHIDFWRUVLQWKHPRGHO$VFDQEHVHHQLWLVWKHIDFWRUUHODWHGWRUHJLRQDODQGSURGXFWLYH HQYLURQPHQW ZKLFK KDV D JUHDWHU SURPLQHQFH LQ WKH PRGHO VSHFLILFDOO\ ZLWK D%HWDYDOXH6HFRQGO\DQGDWDQLPSRUWDQWGLVWDQFHZHILQG&LYLO6HUYLFH%HWDIROORZHG E\ WKH UROH RI LQQRYDWLQJ ILUPV %HWD  DQG ILQDOO\ZLWK D UHODWLYHO\ ORZHUZHLJKWLQWKHPRGHOZHKDYHWKHXQLYHUVLW\%HWD
:LWKLQWKHHFRQRPLFLQWHUSUHWDWLRQZHZLOOEHDEOHWRKLJKOLJKWWKDWIRUWKH6SDQLVKFDVHWKHUHLV D VWURQJ LQIOXHQFH RIHQYLURQPHQWYDULDEOHV LQ WKH TXDQWLILHG LQQRYDWLRQ IORZV DFURVV WKHZHLJKWHGVXPRISDWHQWV6SHFLILFDOO\D ODUJHUVL]HGSURGXFWLYHVWUXFWXUHSOD\VDNH\UROH LQDFKLHYLQJUHVXOWVUHODWHGWRWHFKQRORJLFDOLQQRYDWLRQZKLFKUDWLILHVWKHLPSRUWDQFHRIDFHUWDLQFULWLFDO PDVV DQG D PLQLPXP PDUNHW VL]H ,Q WKLV ZD\ WKH K\SRWKHVLV ZKLFK VWDWHV WKHLPSRUWDQFHRI WKHEXVLQHVVVHJPHQWZLWKLQLQQRYDWLRQV\VWHPVLVYHULILHG ,IZHDOVREHDU LQPLQGWKHUHODWLYHZHLJKWRIWKHIDFWRUUHODWHGWRLQQRYDWLQJILUPVWKLVK\SRWKHVLVLVUHLQIRUFHG0RUHRYHU WKH &LYLO 6HUYLFH DQG WKH XQLYHUVLW\ DOEHLW ZLWK D VLJQLILFDQW SRVLWLYH  UROH DUHUHGXFHGWRDVHFRQGDU\UROHZKLFKLVQRWDQREVWDFOHWRWKHLULQWHUDFWLRQZLWKWKHRWKHUIDFWRUVFRQWULEXWLQJWRREWDLQLQJJUHDWHULQQRYDWLRQUHVXOWV
7KHILQGLQJVREWDLQHGYLDWKHXVHRIIDFWRUVFRUUHVSRQGLQJWRUHJLRQDOLQQRYDWLRQV\VWHPVDUHLQ DFFRUGDQFHZLWK WKRVHRISUHFHGLQJ VWXGLHVZKHUH WKHZRUNZDVFDUULHGRXWZLWKD VHWRIQRQK\SRWKHWLFDO LQGLFDWRUV DV LV WKHFDVHZLWK IDFWRUVEXW UHDORQHV%XHVD%DXPHUW+HLMV0DUWtQH] 3HOOLWHUR  IRU WKH VDPH WLPH SHULRG DQG XVLQJ WKH VDPH GHSHQGHQW YDULDEOHZHLJKWHGVXPRISDWHQWVDQGDWWKHVDPHWLPHWKH\DUHLQNHHSLQJZLWKWKRVHWKDWKDYHEHHQKLJKOLJKWHGLQLQWHUQDWLRQDOOLWHUDWXUHERWKIRUUHJLRQDODQGQDWLRQDOFDVHV
&21&/86,216
$V LQGLFDWHG DW WKH EHJLQQLQJRI WKLV DUWLFOH WKH HFRQRP\ LVJLYLQJPHULWHGDWWHQWLRQ WR WKHUHODWLRQVKLSVH[LVWLQJEHWZHHQ LQQRYDWLRQDQG WKH UHJLRQDOJHRJUDSKLFHQYLURQPHQW9DULRXVDXWKRUV KDYH XQGHUOLQHG WKH LPSRUWDQFH RI WKH HYROXWLRQDU\ DSSURDFK LQ WKH GHVLJQ DQGLPSOHPHQWDWLRQ RI SROLFLHV HVSHFLDOO\ WKRVH UHODWHG WR VFLHQWLILF DQG WHFKQRORJLFDO DVSHFWV:KDW LVPRUHWKHLPSRUWDQFHRIFDUU\LQJRXWHPSLULFDOVWXGLHVWRVHUYHDVDEDVLVIRUSROLF\PDNLQJH[HUFLVHVLVKLJKOLJKWHG
%HDULQJWKHVHDVSHFWVLQPLQGLQWKLVDUWLFOHWKHILQGLQJVKDYHEHHQSUHVHQWHGIRUWKHVWXG\RIWKH6SDQLVKFDVHRQWKHFDSDFLWLHVRIUHJLRQDOLQQRYDWLRQV\VWHPVWKURXJKWKHXVHRIGLIIHUHQW
 7KLVFRHIILFLHQWUHSUHVHQWV LQ WHUPVRIHODVWLFLW\WKHLQFUHDVHLQWKHGHSHQGHQWYDULDEOHLQW\SLFDOGHYLDWLRQVSURGXFHGZKHQ WKHW\SLFDOGHYLDWLRQLQFUHDVHVE\RQHXQLWWKHYDOXHRIWKHGHSHQGHQWYDULDEOHXQGHUWKHFHWHULVSDULEXVK\SRWKHVLV 6HHWKHZRUNVTXRWHGLQQRWH
KWWS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
HFRQRPHWULF DQDO\VHV ,Q WKH ILUVW SODFH WKH UHVHDUFK VWDUWHG IURP D GDWDEDVH FRPSULVLQJ DZLGH UDQJHRI LQGLFDWRUV UHIHUULQJ WR WKHHOHPHQWVPDNLQJXS LQQRYDWLRQ V\VWHPV)URP WKLVVWDUWLQJSRLQWDQGIRUD WLPHSHULRGUDQJLQJIURPWRE\DSSO\LQJWKHPXOWLYDULDWHWHFKQLTXH RIPDLQ FRPSRQHQWV DQDO\VLV IRXU HVVHQWLDO IDFWRUVKDYHEHHQ LGHQWLILHG LQ WKHPWKH UHJLRQDO DQG SURGXFWLYH HQYLURQPHQW WKH XQLYHUVLW\ WKH &LYLO 6HUYLFH DQG LQQRYDWLQJILUPV7KHVH IDFWRUV WKHGHQRPLQDWLRQRIZKLFK V\QWKHVLVHV WKHYDULDEOHVRIZKLFK WKH\DUHPDGH XS DV ZHOO DV VKRZLQJ XV WKH D[HVPDNLQJ XS WKH 6SDQLVK LQQRYDWLRQ V\VWHPV KDYHEHHQXVHGLQDGRXEOHH[HUFLVHRQWKHRQHKDQGWKH\KDYHEHHQXVHGWRLGHQWLI\DW\SRORJ\RIUHJLRQDO LQQRYDWLRQV\VWHPVDQGRQWKHRWKHUWKH\KDYHEHHQXVHGDVH[SODQDWRU\YDULDEOHVRIWKHIORZRINQRZOHGJHREWDLQHGE\PHDQVRISDWHQWV
$V IDU DV WKH W\SRORJ\RI WKH UHJLRQDO V\VWHPV LVFRQFHUQHG WKH ILQGLQJVREWDLQHGVKRZ WKHH[LVWHQFHRI ILYHJURXSVZLWKYHU\ VLJQLILFDQWGLIIHUHQFHV IRXURI WKHPPDGHXSRID VLQJOHUHJLRQ 0DGULG&DWDORQLD WKH%DVTXH&RXQWU\ DQG1DYDUUHDQG WKHILIWKJURXSLQJWRJHWKHUWKH UHVW 2I WKRVH V\VWHPV WKH0DGULG RQH LV WKHPRVW EDODQFHG VLQFH DOO WKH IDFWRUV VFRUHSRVLWLYHZKLFKFRUUHVSRQGVWRDSRVLWLRQRIDGYDQWDJHLQDOOHOHPHQWVZKLFKDUH LPSRUWDQWLQWKHJHQHUDWLRQDQGGLIIXVLRQRINQRZOHGJH7KHFDVHVRI&DWDORQLD WKH%DVTXH&RXQWU\DQG1DYDUUHVKRZV\VWHPVLQZKLFKRQO\RQHRUWZRRIWKHIRXUIDFWRUVVWDQGRXW7KXV&DWDORQLDERDVWVDQH[WHQVLYHPDUNHWDQG LPSRUWDQWSURGXFWLYHDFWLYLW\7KH%DVTXHFRXQWU\UHIOHFWVDVWURQJVHJPHQWRIILUPVHQJDJLQJLQ5	'1DYDUUHVWDQGVRXWWKURXJKWKHVSHFLDOUROHRIWKHXQLYHUVLWLHVORFDWHGWKHUHZKLOVWKDYLQJDQDERYHDYHUDJHSODFHLQ LQQRYDWLQJILUPV¶DFWLYLW\)LQDOO\ WKHRWKHU UHJLRQV DUH ORFDWHG LQ WKH WHFKQRORJLFDOSHULSKHU\DQGGRQRW VWDQGRXW LQDQ\ RI WKH IDFWRUV LGHQWLILHG 7KLV IDFW LV SURYHG E\ REVHUYLQJ KRZ IDFWRULDO VFRUHV DOZD\VKDYH D QHJDWLYH YDOXH 7KH\ DUH WKHUHIRUH UHJLRQV ZKLFK VWLOO KDYH LPSRUWDQW ZHDNQHVVHVZKLFK VKRXOG UHFHLYH SUHIHUHQWLDO WUHDWPHQW LQ FRPSDULVRQ ZLWK WKH RWKHU DERYHPHQWLRQHGRQHVDVIDUDVVFLHQWLILFDQGWHFKQRORJLFDOSROLFLHVDUHFRQFHUQHG
5HJDUGLQJ WKH ILQGLQJVREWDLQHG WKURXJK WKH OLQHDU UHJUHVVLRQDQDO\VLVYHULILFDWLRQKDVEHHQJLYHQ WR WKH IDFW WKDW LQ WKH 6SDQLVK FDVH WKH UHJLRQDO DQG SURGXFWLYH HQYLURQPHQW LV WKHIDFWRUKDYLQJWKHJUHDWHVWLPSDFWRQWKHJHQHUDWLRQRIWHFKQRORJLFDONQRZOHGJHDVHYLGHQFHGE\ SDWHQWV ,I ZH DOVR WDNH LQWR DFFRXQW WKH UHODWLRQVKLS H[LVWLQJ EHWZHHQ WKH SURGXFWLYHHQYLURQPHQWDQGILUPVRIDQLQQRYDWRU\QDWXUHWKHZHLJKWRIWKLVXQLRQLVPXFKKLJKHUWKDQWKDWH[HUWHGE\WKH&LYLO6HUYLFHDQGHVSHFLDOO\E\WKHXQLYHUVLW\
)URPDOOWKHDERYHWZRLPSRUWDQWFRQFOXVLRQVFDQEHGUDZQ2QWKHRQHKDQGWKHGLIIHUHQFHVEHWZHHQ WKH YDULRXV 6SDQLVK UHJLRQV ZKHQ GHVLJQLQJ VFLHQWLILF DQG WHFKQRORJLFDO SROLFLHVPXVW EH ERUQH LQ PLQG VLQFH WKHLU LQQRYDWLRQ V\VWHPV VKRZ LPSRUWDQW LQHTXDOLWLHV DQGVKRUWIDOOV LQGHYHORSLQJ WKH IDFWRUVZKLFKVKDSH WKHP7KXV DQDWWHPSW  VKRXOGEHPDGH WRUHVROYH LQ WLPH WKH VSHFLILF ZHDNQHVVHV RI HDFK UHJLRQ E\ DSSO\LQJ SROLFLHV RI D UHJLRQDOQDWXUH$OVR LWPXVW QRW EH IRUJRWWHQZKLFK IDFWRUV FDUU\ WKH JUHDWHVWZHLJKW LQ NQRZOHGJHJHQHUDWLRQ ,Q WKLVZD\ WKRVH SROLFLHV JHDUHG WR JURZWK LQ UHJLRQDO LQQRYDWLRQZLOO KDYH WRWDUJHW WKHLU HIIRUW SUHIHUDEO\ WR GHYHORSLQJ D GLYHUVLILHG SURGXFWLYH VWUXFWXUH DV ZHOO DVVWUHQJWKHQLQJ DQG H[WHQGLQJ WKH QXPEHU RI LQQRYDWLQJ ILUPV FDSDEOH RI GHYHORSLQJ IUHVKNQRZOHGJH
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